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In this study we present the analysis of the stock structure of Little tunny (Euthynnus alletteratus) 
using the mitochondrial control region as a genetic marker. More than 500 individuals 
distributed in six locations were analyzed. Samples were from three main regions: Mediterranean 
(Tunisia and Spain), and northeast Atlantic (Portugal and Senegal) and southeast Atlantic (Côte 
d’Ivoire and Gabon). Deep genetic differences were found between these locations. The 
phylogenetic tree showed a complete reciprocal monophyly association of the individuals in two 
main regions: Portugal, Spain and Tunisia; and Senegal, Côte d’Ivoire and Gabon. The level of 
genetic differentiation between these two areas is similar to the differences found between species 
of the genus Euthynnus. These results suggest a scenario of having two species of Little tunny in 
its Mediterranean-Atlantic distribution. Further evidence with other non-linked genetic markers 
along morphological and meristic data is necessary to fully confirm these two putative species. 
However, based on these results a separate management unit can be considered: i) Northeast 
Atlantic/Mediterranean (Portugal, Spain and Tunisia), and ii) the northeast/Southeast Atlantic 




Dans cette étude, nous présentons l'analyse de la structure du stock de la thonine commune 
(Euthynnus alletteratus) en utilisant la zone mitochondriale de contrôle comme marqueur 
génétique. Plus de 500 spécimens répartis sur six sites ont été analysés. Les échantillons 
provenaient de trois régions principales : Méditerranée (Tunisie et UE-Espagne), Atlantique 
Nord-Est (Portugal et Sénégal) et Atlantique Sud-Est (Côte d'Ivoire et Gabon). De profondes 
différences génétiques ont été constatées entre ces endroits. L'arbre phylogénétique affichait une 
association monophylique réciproque complète des spécimens dans deux régions principales : 
l’UE-Portugal, l’UE-Espagne et la Tunisie ; et le Sénégal, la Côte d'Ivoire et le Gabon. Le niveau 
de différenciation génétique entre ces deux régions est similaire aux différences constatées entre 
les espèces du genre Euthynnus. Ces résultats suggèrent un scénario de présence de deux espèces 
de thonidés mineurs dans sa distribution méditerranéenne-atlantique. Des preuves 
supplémentaires avec d'autres marqueurs génétiques non liés ainsi que des données 
morphologiques et méristiques sont nécessaires pour confirmer pleinement ces deux espèces 
supposées. Toutefois, sur la base de ces résultats, une unité de gestion distincte peut être 
envisagée : i) Atlantique Nord-Est/Méditerranée (UE-Portugal, UE-Espagne et Tunisie) et ii) 
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En este estudio presentamos el análisis de la estructura del stock de la bacoreta (Euthynnus 
alletteratus) utilizando la región de control mitocondrial como marcador genético. Se analizaron 
más de 500 ejemplares distribuidos en seis localizaciones. Las muestras procedían de tres 
regiones principales: Mediterráneo (Túnez y España), Atlántico nororiental (Portugal y Senegal) 
y Atlántico suroriental (Côte d'Ivoire y Gabón). Se hallaron profundas diferencias genéticas 
entre las tres localizaciones: El árbol filogenético presentaba una asociación monofilética 
recíproca completa de los ejemplares en dos regiones principales: Portugal, España y Túnez; y 
Senegal, Côte d'Ivoire y Gabón. El nivel de diferenciación genética entre estas dos zonas es 
similar a las diferencias halladas entre especies del género Euthynnus. Estos resultados sugieren 
un escenario con dos especies de bacoreta en su distribución atlántica-mediterránea. Son 
necesarias más pruebas con otros marcadores genéticos no vinculados con datos morfológicos 
y neríticos para confirmar más estas dos especies putativas. Sin embargo, en base a estos 
resultados, puede considerarse una unidad de ordenación separada: i) Atlántico 
nororiental/Mediterráneo (Portugal, España y Túnez) y ii) Atlántico suroriental/nororiental 
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1. Introduction  
 
The Little tunny (LTA) (Euthynnus alletteratus) along with the Atlantic Bonito (BON) (Sarda sarda), and Wahoo 
(WAH) (Acanthocybium solandri), have been identified as key species in Small tuna working program in ICCAT 
to gather information for of growth, maturity and stock structure (Anon. 2019). Knowledge of these biological 
parameters are key to implement correct management strategies for the fisheries of these species.  
 
One of the most useful and traditionally applied methods for inferring stock structure is based on population 
genetics (Ward 2000). This parameter is essential to infer the fishery stocks and finally to determine the correct 
measure of fishery management. For all the possible methodologies for inferring the population structure of the 
species, the use of mtDNA sequence variation is one of the most traditionally used in marine pelagic species. 
Although, nowadays other methods for inferring population structure such as microsatellites or Single Nucleotide 
Polymorphism (SNPs) are also widely used. The use of sequence variation of the Control Region (D-loop region) 
of mtDNA (mtDNA CR) is still extremely useful for inferring a preliminary assessment of the population’s 
structure and a first step for subsequent application other methodologies with high power of resolution. One of the 
clear advantages of the mtDNA CR from other methods is that this methodology is already optimized for the 
majority of Scombridae species in (Allaya et al. 2015; Ollé et al. 2019; Viñas et al. 2010; Viñas et al. 2011). That 
implies that it could be applied to large number of samples with a relative low cost.  
 
In this study, we have analyzed 504 individuals of little tunny from six locations distributed between the 
Mediterranean, northeast and southeast Atlantic (Table 1). The samples have been acquired due to the participation 
of two short terms ICCAT contracts under the Small Tuna Year Program (SMTYP). We can consider that this is 
probably the most exhaustive sampling of this species realized to date. 
 
 
2. Material and methods 
 
Up to 504 Little tunny distributed in six different locations distributed in the Mediterranean, northeast and 
southeast Atlantic were analyzed. Of these, in two locations two temporarily differentiated samples were included 
in the analysis. A sample of Black skipjack form Vietnam (E. affinis) was also included in the analysis as outgroup 
species reference (see Table 1). 
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Genetical variability of all individuals was assessed following the methodological procedure in Viñas et al. (2004). 
Briefly, once the samples arrived at the LIG-UdG total genomic DNA was isolated. Following extraction, DNA 
was resuspended in 100 µl of deionized water. We amplified approximately 450 base pairs (bp) of the first (left) 
domain of the mitochondrial control region (mtDNA CR) with the L-strand primer L15998 (5’-TAC CCC AAA 
CTC CCA AAg CTA-3’), in combination with the H-strand primer CSBDH (5’-TgA ATT Agg AAC CAg ATg 
CCA g-3’). Amplification was carried out in 12.5 µl reaction volumes using approximately 50 ng (0.5 µl) of the 
isolated DNA as the template. Each PCR reaction contained 1X Taq DNA polymerase buffer, 1.5–2 mM MgCl2, 
200 mM of each dNTP, 10 pmol of each primer, and 0.5 U Taq DNA polymerase. Thermal cycles involved an 
initial denaturing step of 5 min at 94°C, followed by 35 cycles of denaturing at 94°C for 45 s, annealing at 50°C 
for 45 s, and extension at 72°C for 1 min. Negative controls were included in all PCR runs to ascertain that no 
cross-contamination took place. Double-stranded DNA products were purified and subsequently were sequenced 
unidirectionally using the BigDye Kit v3.1 (Applied Biosystems) on an ABI Prism 3130 Genetic Analyzer 
(Applied Biosystems). When sequencing results were ambiguous, the amplicon was sequenced in both directions. 
Sequence alignments were inspected using the Geneious v.R7. Sequence Phylogenetic tree was constructed using 
the Neighbor joining (Saitou and Nei 1987) procedure with the kimura 2-distance (Kimura 1980 ) with a 
resampling of 1000 bootstrap pseudoreplicates to assess the robustness of the branches in the tree. Haplotype (h) 
(Nei and Tajima 1981) and nucleotide diversity (π) (Nei 1987) were estimated from haplotype frequencies and 
haplotype divergence based on a pairwise distance matrix in ARLEQUIN v. 3.5 (Excoffier and Lischer 2010). The 
geographical structure for each species was estimated using analysis of molecular variance (AMOVA) (Excoffier 
et al. 1992) based on the pairwise matrix of distances between haplotypes. The haplotypic correlation measure 
(ST) was estimated for all possible permutations among regions for each species. The significance level of each 






Of the 399 nucleotide positions in the Little tunny mtDNA-CR alignment 148 were variable. In addition, only 160 
(out of 504 individuals) distinct haplotypes were detected (Table 1). Thus, the overall haplotypic diversity was 
relatively low with some locations presenting an haplotypic diversity as low as h = 0.643 in the Portugal location. 
The nucleotide diversity was low in all locations (range from 0.003 to 0.011), but the overall diversity was 
relatively high (0.052). These discrepancies between the intra and inter-locations nucleotide diversity is 
consequence of the high divergence of two groups of sequences in Little tunny (Figure 1) with a net average 
between groups of DA = 0.084  0.014. A further inspection of the phylogenetic tree reveals a complete association 
of individuals from different locations to the two groups of haplotypes detected in the tree (Figure 1). All 
sequences from individuals from Senegal, Côte d'Ivoire and Gabon, are grouped together, and separated from the 
locations of Portugal, Tunis and Spain. Correspondingly, there is a clear genetic differentiation between these two 
groups of locations (Table 2). In this analysis, a sample of E. affinis (Black skipjack) from Vietnam (VNM) was 
include in the analysis in order to assess if the degree of genetic differentiation is at species levels. It can be 
observed that the levels of STs between E. affinis and the rest of locations is similar to the level of differentiation 





Little tunny presents a surprising result of extremely deep genetic differentiation between the locations analyzed. 
A complete reciprocally monophyletic association of locations can be seen in the phylogenetic tree. Samples from 
the Mediterranean/Northeast Atlantic (Tunis, Spain and Portugal) are grouped together and clearly differentiated 
from the samples Senegal, Côte d’Ivoire and Gabon. The level of genetic differentiation between these two groups 
(average ST = 0.941  0.009) is extremely similar that the level of genetic differentiation between two species of 
Euthynnus: Little tunny and Black skipjack (E. affinis) (average ST = 0.946  0.023). Considering that this last 
comparison, Little tunny vs Black skipjack, can be accepted as a threshold for determining species in the Genus 
of Euthynnus, then the amount genetic differentiation observed between Mediterranean/Northeast Atlantic and 
East Tropical Atlantic can be considered at species level. The boundary of these two putative species could be 






To fully confirm the presence of two differentiated species in the Little tunny distribution and considering the 
approach of genealogical species concept (Avise and Ball 1990), complementary data using nuclear genetic 
markers and morphically-meristic results are needed. What is still unknown is the boundary between these two 
areas. It can be anticipated that the region between Morocco and Mauritania could act as barrier between these two 
differentiated genetic pools, but further sampling in this area is essential to determine where the limit of gene flow 
is located. 
 
Several pelagic species show some degree of genetic heterogeneity between north Atlantic and Tropical Atlantic 
(González et al. 2008; Martínez et al. 2006; Palko et al. 1981; Silva et al. 2014; Smith et al. 2015; Zarraonaindia 
et al. 2012), but to our knowledge none of the pelagic species studied in a similar zone present such deep of genetic 
differentiation. It is unknown what is the cause to produce this unexpected pattern of the distribution of genetic 
variability in the little tunny. 
 
Finally, this study can be a starting point for stablishing correct fishery management measures by ICCAT for Little 
tunny. The results present here clearly challenges the ICCAT’s management areas adopted for Little Tunny. Thus, 
at least two different genetic pools are present in the ICCAT area of NE-Atlantic/BILL94B. On the contrary, no 
genetic differentiation has been found between the location of Senegal (NE-Atlantic /BILL94B) and the two 
locations of SE-Atlantic/BIL 97 (Côte D’Ivoire and Gabon). Similarly, in the north, several locations that belong 
to different ICCAT areas: Portugal from NE-Atlantic /BILL94B, and Tunis and Spain form from MD/BIL95, share 
the same genetic pool. 
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Table 1. Sampling description of little tunny and molecular diversity indices. Year, year of sampling. N, number 
of individuals; M, number of haplotypes; h, haplotypic diversity;, nucleotide diversity. 
 
Areas and locations Code Year N M h±SD π±SD 
Mediterranean (MD/BIL95)       
Tunisia  TUN2018 2018 46 12 0.644 ± 0.077 0.005 ± 0.003 
Spain  ESP2019 2018* 71 27 0.710 ± 0.060 0.004 ± 0.003 
North East Atlantic (AT-NE/BIL94B)       
Portugal  PRT2018 2018 32 9 0.643 ± 0.094 0.003 ± 0.002 
Portugal PRT2019 2019* 90 24 0.633 ± 0.059 0.003 ± 0.002 
Senegal SEN2018 2018 50 31 0.958 ± 0.018 0.010 ± 0.006 
Atlantic South East (AT-SE/BIL97)       
Côte d'Ivoire  CIV2018 2018 47 36 0.981 ± 0.010 0.011 ± 0.006 
Côte d'Ivoire  CIV2019 2019* 100 55 0.972 ± 0.008 0.009 ± 0.005 
Côte d'Ivoire (Spain) ESP-CIV 2018* 23 20 0.984 ± 0.019 0.009 ± 0.005 
Gabon GAB2019 2018-2019* 45 33 0.981 ± 0.010 0.008 ± 0.005 
 
 
Table 2. Pairwise genetic differentiation among Little tunny samples.  Below diagonal, STs values. Above 
diagonal, P-values. In bold, P-values significant after multiple testing. Samples code as Table 1. VNM, a sample 
from Vietnam (E. affinis) it is included in the analysis. 
 
 PRT2018 TUN2018 PRT2019 ESP2019 SEN2018 CIV2018 CIV2019 ESP-CIV GAB2019 VNM* 
PRT2018 * 0.202 0.572 0.443 0.000 0.000 0.000 0.000 0.000 0.000 
TUN2018 0.008 * 0.563 0.487 0.000 0.000 0.000 0.000 0.000 0.000 
PRT2019 -0.004 -0.004 * 0.426 0.000 0.000 0.000 0.000 0.000 0.000 
ESP2019 -0.001 -0.002 0.000 * 0.000 0.000 0.000 0.000 0.000 0.000 
SEN2018 0.939 0.936 0.950 0.940 * 0.232 0.551 0.279 0.419 0.000 
CIV2018 0.933 0.931 0.947 0.937 0.005 * 0.163 0.632 0.942 0.000 
CIV2019 0.927 0.926 0.939 0.931 -0.002 0.005 * 0.454 0.170 0.000 
ESP-CIV 0.949 0.943 0.958 0.947 0.005 -0.005 -0.001 * 0.438 0.000 
GAB2019 0.946 0.942 0.955 0.945 0.000 -0.010 0.005 0.000 * 0.000 





Figure 1. Rooted phylogenetic tree of the 160 Little tunny mtDNA-CR haplotypes. Tree is rooted with an 
outgroup (Auxis rochei). Black skipjack (E. affinis) from Vietnam were also included in the analysis. To 
facilitate visualization individuals from the respective areas described in Table 1 were collapsed together (grey 
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